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Introduction
Mayan people have used their natural resources since the Preclassic period (approximately, between 2 000, some authors considering it could be 3 000, to 1 000 years B.C.) (Vargas, 2004) . While studies about the Maya knowledge of plants (Barrera et al., 1976; Sosa et al., 1985; Flores et al., 2001; Arellano et al., 2003) and soils have been published (Bautista et al., 2003a; Bautista et al., 2005; Bautista and Zinck, 2010) , studies made about forage plants are mainly focused on their chemical composition, animal consumption and plant productivity (Vargas et al., 1987; Mizrahi et al., 1998; Sosa et al., 2000; Solorio and Solorio, 2002; Sandoval et al., 2005; Zapata et al., 2009) , without consideration of soils, geomorphic environments, geoforms and spatial aspects. For this reason, the Maya culture and its millenary knowledge provide an opportunity for studying the forage plants from seasonal tropical forest of karstic landscapes.
On the other hand, extensive cattle rising activities have been responsible for a large part of the deforestation of tropical and subtropical zones because of the conversion of forests in artificial grasslands. The gradual transformation of forests to pastures and agricultural lands has had negative ecological impacts, disturbing the functions of the karstic ecosystems, as well as altering and fragmenting the natural ecosystems (Harvey, 2001) .
The expansion of pastures and the conservation of ecosystems are 2 incentives for the search of new forms of production in tropical karstic zones (Zapata et al., 2009; Castillo et al., 2010) . Silvopastoral systems using wild plants are characterized by their biodiversity and by their amply demonstrated economic and environmental benefits, providing a possibility to improve the productivity and stability of land use systems (Giraldo et al., 1995; Solorio y Solorio, 2002; Llamas et al., 2004; Zapata et al., 2009 ). However, their establishment depends on availability of local knowledge and management of soils and plants, due to the fact that when exotic plants are used without any consideration for soils, the possibility of failure is increased.
Legume fodder trees are often planted, both within extensive grazing systems and in association with crops. However, the adoption of new agricultural systems has been slow because of the high costs of tree planting and management. Leptosols, Cambisols, Luvisols and Vertisols are the dominant soil groups in karstic areas, characterized by very fragmented soil-relief patterns and high spatial soil heterogeneity (Bautista et al., 2004b; Bautista et al., 2005; Bautista et al., 2011) . In karstic areas with seasonal tropical climate, studies carried out on the identification of new forage plants other than grasses are commonly scarce, but highly relevant (Sosa et al., 2000) , which makes it difficult to formulate appropriate planning strategies for agriculture, animal production and environmental preservation (NAS, 1979; NRC, 1989; Acosta et al., 1998; Flores, 2001; Flores, 2002) .
The aim of the present work was to do an inventory of forage plants used by Mayan people from soilscapes in the Yucatán Peninsula, which could be used for designing silvopastoral systems for the karstic tropical zones.
Materials and methods
Study area. The Yucatán Peninsula is located in southeastern Mexico between 18º and 21º30' of northern latitude. It is a region of low relief with elevations generally being below 50 m a.s.l. (Bautista et al., 2005) . The highest areas lay in the center of the peninsula, the elevation decreasing eastward and westward from there abruptly. The higher elevations correspond to the Ticul and Sayil hills located in the southern part of the state of Yucatán, with altitudes up to 250 m a.s.l. Four geomorphic environments with their respective soilscapes have been recognized in the Yucatán Peninsula, i.e. karstic (Leptosols, Cambisols, Luvisols, Vertisols), coastal (Arenosol, Regosols, Solonchacks, Histosols), fluvio-paludal (Gleysols, Solonchacks, Histosols), and tectono-karstic (Leptosols, Cambisols, Luvisols, Vertisols) with plains and hills as main geoforms (Bautista et al., 2011) . The karstic environment can be subdivided in incipient, juvenile, mature with good drainage and mature with poor drainage. The northern coast is the driest area of the Yucatán Peninsula, with semi-arid climate of the subtypes BS 1 (h') w and BS 0 (h')w. On the island of Cozumel, the climate is of the warm humid subtype Am(f) with abundant winter rainfall. The rest of the Yucatán Peninsula has a warm subhumid climate with 3 subtypes of increasing moisture: Aw 0 , Aw 1 and Aw 2 . The driest areas are located in the west and the wetter areas in the east (García, 2004) . Forest cover includes various types from tropical deciduous forest to tropical evergreen forest. In coastal and other low-lying areas, vegetation includes savannah, petenes (i.e. tropical forests on residual hills), mangroves, coastal dune scrub, sedge, cattail marshes and tular (Flores and Espejel, 1994) .
In the Yucatán Peninsula there are 3 large areas dedicated to cattle raising; 1), the eastern part of the state of Yucatán, with Leptosols having problems of effective depth, fertility, proliferation of weeds, besides the erratic midsummer rains (Bautista et al., 2011) ; 2), the southwestern part of the state of Campeche, with Leptosols, Vertisols and Gleysols presenting serious problems of internal drainage, and 3), the southwestern part of the state of Quintana Roo, with Leptosols, Gleysols and Vertisols with heavy soils with poor drainage. In these regions, the cattle density varies from 0.5 to 0.8 animals per hectare (Bautista et al., 2003b) . Plant collection and data management. During the 1989-1999 period, 20 interviews were carried out in each of the 27 studied Mayan communities as a part of the "Ethnoflora Yucatanense Project" (EYP) of the Universidad Autónoma de Yucatán (UADY). Samples of forage plants were collected together with associated floristic and ethnobotanical information. Based on a survey designed within the EYP, it was possible to explore several information entries (data fields) on the use of the plants (life cycle, life form and reproduction, parts used, forms of use and handling), as well as information on the interviewees and their economic activities. Each record contained the following fields: common names (Mayan and common Castilian name), types of use (35 fields), potential uses, part used (14 fields), in the case of being of alimentary use for humans and animals the form of preparation is described (16 fields), evaluation of the information (4 fields), form of reproduction (5 fields), flowering period (6 fields), period of leaf fall (6 fields), management degree (6 fields), management type (7 fields), source of material (11 fields), type of information source (9 fields), locality, municipality, state, interviewer, collection date and general observations (BADEPY-INIREB, 1985) .
The information is completed with plant family, scientific name, life form (3 fields), the animal that consumes it (6 fields), geoforms and soilscapes in which the plant is located (Fig. 1) (Bautista et al., 2003b; Bautista et al., 2011) , in accordance with the community in which the interview was carried out.
All the plants were collected during the 1989-1999 time period and were deposited in the herbarium of the Campus of Biological and Agricultural Sciences of the UADY. The botanical information was included in the "Ethnobotanical database of the Yucatán Peninsula" (BADEPY).
In addition, a bibliographic review was made in relation to the forage quality of native plants.
All plants were geographically located in the geomorphic environments, geoforms and soilscapes in which they were collected. Data on the scientific and Maya plant names, edible parts, life forms and consumption by domestic animals were managed in dynamic tables in EXCEL. Plant records may be grouped according to family, life form, geomorphic environment, geoforms, soilscapes or by animals consumption.
Results
A total of 196 plant species used as forage in the Yucatán Peninsula were detected, the families Fabaceae and Poaceae being the most represented (74 and 29 species respectively), followed by Convolvulaceae (8), Solanaceae (7), Asteraceae (6), Malphighiaceae (6), Malvaceae (6), Nyctaginaceae (5), Verbenaceae (5), Amaranthaceae (5) and other families with less than 5 species each (Fig. 2 , Appendix 1).
The more widely distributed forage plants are: Amaranthus spinosus L., Carica papaya L., Viguiera dentata (Cav). Sprengel var. helianthoides (Kunth) Blake, Eleusine indica (L.) Gaertn, Panicum maximum Jacq., Paspalum notatum Alain ex Flügge., Leptochloa virgata (L.) P. Beauv., Celosia virgata Jacq., Olyra yucatana Chase, Acacia pennatula (Schltdl. and Cham.) Benth., Acacia riparia Kunth and Centrosema virginianum (L.) Benth. (Table 1) .
From the total 196 species of fodder plants recorded, 140 (71%) are herbs, 19 (10%) shrubs, 35 (18%) trees and 2 (1%) are palms ( Fig. 2 ). This fact is important since 73% of the species are herbaceous and therefore, of rapid growth (annual). Herbaceous forage plants have potential use in silvopastoral systems, more so considering that the majority belong to the legume family (Fabaceae).
The stem, leaves, buds and flowers of the arborescent and shrubby forage species have a potential as animal food sources. Moreover, 33 of these perennial plant species are multipurpose trees having uses such as wood, firewood, shade, live fences, medicinal, etc.
The comparison of our results with data from 3 cattle zones of the Yucatán Peninsula showed that in the latter only 7 species of African grasses are used as forage plants: Cynodon nlemfuensis (African bermudagrass), Hyparrhenia rufa (jaragua grass), Panicum maximun (Guinea grass), Pennisetum ciliare (buffelgrass), Pennisetum purpureum (elephant grass), Sorghum halepense (Jhonson grass), Stenotaphrum secundatum (St. Agustin grass). These plants represent only 3.6% of the total of forage plants recorded in the present study, while
Species
Geomorphologic landscapes Part used Amaranthus spinosus L. 30, 14, 15, 16, 17, 18, 19 Fl, Fr, B Carica papaya L. 7, 8, 9, 129, 13, 30, 14, 15, 28, 16, 17, 18, 4, 19, 20, 21, 10, 11, 22, 23 St, Le, Fr Viguiera dentata (Cav). Spreng. var. helianthoides ( Kunth) S. F, Blake 30, 15, 17, 18, 4, 19, 20, 21, 10 Le
Eleusine indica (L.) Gaertn. 14, 15, 28, 16, 17, 18, 4 Le Panicum maximum Jacq. 30, 14, 15, 28, 16, 17, 18, 4, 19 Le Paspalum notatum Alain ex Flüggé. 30, 14, 15, 28, 16, 17, 18, 4, 19 Whole plant Leptochloa virgata (L.) P. Beauv 7, 8, 9, 1, 29, 13, 30, 14, 15 Ap Celosia virgata Jacq. 7, 8, 9, 1, 29, 13, 30, 14, 15, 28, 16, 17, 18 Le Olyra yucatana Chase 7, 8, 9, 1, 29, 13, 30, 14, 15, 28, 16, 17, 18 Le Acacia pennatula (Schltdl. and Cham.) Benth. 30, 14, 15, 28, 16, 17, 18, 4, 19 Le Acacia riparia Kunth 30, 14, 15, 28, 16, 17, 18, 4, 19 Le Centrosema virginianum (L.) Benth. 30, 14, 15, 28, 16, 17, 18 Whole plant a great diversity of forage plants are used in the raising of backyard animals, especially in the north of the Yucatán Peninsula including part of the sisal, fruit tree and milpera zones (Barrera et al., 1976; Acosta et al., 1998; Flores, 2001; Flores, 2002 (Fig. 4) 
Discussion
Arellano et al. (2003) estimated that the flora of the Yucatán Peninsula includes 2 200 species, based on that number, 8.6% of the flora is used by Mayan communities as forage, largely for feeding backyard animals including equine, bovine and porcine livestock and poultry.
Some authors such as Standley (1930) , Sousa and Cabrera (1983) and Sosa et al. (1985) consider the Fabaceae to be the family having the most abundant number of species in the flora of the Yucatán Peninsula. It is noteworthy that legumes are amply recognized as being important forages for use to improve animal production (NAS, 1979; NRC, 1989 ; ADF (%)= acid detergent fiber; IVDMD (%)= in vitro digestibility of dry mass; NDF= neutral detergent fiber; LIG= lignine; *= data not reported. mombin and Ampelocissus erdvendbergiana have potential as protein sources in tropical ruminant diets; however, these plants also have antinutritional compounds such as phenols. Currently, Mayan people use the non-legume species Brosimum alicastrum and Guazuma ulmifolia as forage sources for bovines (Sosa et al., 2004) . Local producers in the study zone consider Bursera simaruba, Sesbania grandiflora, Lonchocarpus guatemalensis, Acacia pennatula, Lysiloma latisiliquum, Gliricidia sepium and Acacia gaumeri to be good quality forage plants Bautista et al., 2011) (Ayala and Sandoval, 1995; Mizrahi et al., 1998; Solorio and Solorio, 2002; Llamas et al., 2004) . In particular, Bauhinia divaricata and B. glandulosa are present in the natural vegetation in 12-year-old fallows, where they have high ecological importance values (Mizrahi et al., 1998) . Bauhinia divaricata has the potential to be used in silvopastoral systems in seasonal tropical forests due to its coppicing capacity after pruning, thus forage can be produced during the dry season (Zapata et al., 2009 ). The recent karstic plain (ID 17) is dominated by Nudilithic Leptosols, Lithic Leptosols and Hyperskelethic Leptosols having low effective depth, low retention of humidity and a scarce amount of fine earth (Table 3 ). Leptosols present extreme restrictions for plant growth (Bautista et al., 2003a,b; Bautista et al., 2011) , however, most of the recorded forage species (140 plants) are present in this karstic plain with Leptosols, which constitutes an opportunity for the design of silvopastoral systems under these particularly unfavorable conditions. Goats select the quality of the forage they eat, preferentially consuming plants with the highest in vitro apparent dry matter (DM), digestibility (IVDMD) and in vitro gas production (IVGP) (Alonso-Díaz et al., 2008) . However, further studies are required in order to evaluate the quality of the remaining 56 plants.
Considering that the state of Yucatán is the fourth largest pork producer in the country, and given the local relevance of the meat, the results of the present work could be used for the elaboration of nutritional supplements, thus diminishing the import of forage, principally by the use of Bursera simaruba, Jacaratia mexicana, Swartzia cubensis, Bunchosia glandulosa, Sesbania emerus and Piper auritum.
A large amount of herbaceous plant species is used for feeding livestock and poultry in the Mayan communities, which constitutes another opportunity for further research on the chemical, physical and biological characteristics of these plants, as well as their agronomic properties and their assimilation by animals. Also, since most herbaceous plants grow during the rainy season when forage is abundant, future studies must be focused on the conservation of the forage quality of these species in order to used during the dry season.
On the other hand, in the Yucatán Peninsula soils are highly heterogeneous, Leptosols, Cambisols, Luvisols, Vertisols and Gleysols being distributed in patches (Table 4) (Bautista et al., 2005; Zapata et al., 2009; Bautista et al., 2011) . Therefore it is important to know soil distribution in order to design agricultural management practices that are appropriate for each soilscape for forage plants.
The design of silvopastoral systems considering forest management will allow for reducing tree establishment costs while also achieving meat and milk production from the beginning and in a continuous way.
The knowledge of Mayan people should be considered in the design of new agricultural programs of the region, especially in the cattle area. However, knowledge of the Mayan communities about the use of seasonal tropical forest plants as forage sources generates new research questions: What is the chemical quality of plants? What might be the problems generated by antinutritional compounds? What plants respond best to pruning? How does the quality and quantity of fodder vary in response to soil and climatic factors? The present study is an example of the inclusion of the knowledge (corpus and praxis) of the Mayan people for the generation of natural resource productive strategies as new silvopastoral systems. However, to achieve sustainability goals it is also necessary to include the Maya cosmovision (kosmos), i.e., the respect for nature, and the concept that land occupants are not the "real" landowners.
The results of the present study allow for concluding that on the karstic tropical landscapes of the Yucatán Peninsula the Mayan people manage 196 forage plants, mostly from the Fabaceae and Poaceae families.
Mayan traditional knowledge on forage plants includes the edible parts and the consumption by domestic animals. This knowledge can be used to improve animal production systems. In this study we include geographic location, geomorphic environment, geoforms and soilscapes of the fodder plants.
Knowledge of the Mayan people about the use of tropical seasonal forest forage plant species provides us with valuable information that could be used to improve existing forms of livestock and poultry production, as well as the design of new practices suited for particular combinations of landscape components (e.g., relief, aquifers, soils and climate), such as those present in the karstic soilscapes of the Yucatán Peninsula.
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